Abstract The elemental analysis of Spanish palm dates by inductively coupled plasma atomic emission spectrometry and inductively coupled plasma mass spectrometry is reported for the first time. To complete the information about the mineral composition of the samples, C, H, and N are determined by elemental analysis. Dates from Israel, Tunisia, Saudi Arabia, Algeria and Iran have also been analyzed. The elemental composition have been used in multivariate statistical analysis to discriminate the dates according to its geographical origin. A total of 23 elements (As, Ba, C, Ca, Cd, Co, Cr, Cu, Fe, H, In, K, Li, Mg, Mn, N, Na, Ni, Pb, Se, Sr, V, and Zn) at concentrations from major to ultratrace levels have been determined in 13 date samples (flesh and seeds). A careful inspection of the results indicate that Spanish samples show higher concentrations of Cd, Co, Cr, and Ni than the remaining ones. Multivariate statistical analysis of the obtained results, both in flesh and seed, indicate that the proposed approach can be successfully applied to discriminate the Spanish date samples from the rest of the samples tested.
Introduction
Palm date (Phoenix dactylifera L.) is one of the oldest cultivated trees, and its fruit is being used as foodstuff for about 6,000 years. Nowadays, date is one of the most consumed fruit in the Arabian countries (Ismail et al. 2006) . Date palm is a particularly important crop in arid and semi-arid regions of the world, being Egypt, Saudi Arabia, Iran, United Arab Emirates, and Algeria the main producing countries. World dates production has increased from 4.4 million tons in 1993 to 7.5 million tons in 2012, and it is expected to continue increasing in the future (FAO 2014) .
Several studies about date composition have been recently reviewed (Tang et al. 2013 ). Carbohydrates are the major component of date fruit, reaching more than 70 % (being sucrose, glucose, and fructose the main sugars) (Ahmed et al. 1995; Myhara et al. 1999; Elleuch et al. 2008; Khan et al. 2008; Amira et al. 2011) . Dates show high amounts of dietary fiber, ranging between 6 to 25 % in flesh (Ahmed et al. 1995; Elleuch et al. 2008; Al-Farsi et al. 2005; al-Hooti et al. 1997 ) and up to 80 % in seeds (Al-Farsi and Lee 2008a) , proteins (Elleuch et al. 2008; Hamada et al. 2002; Sahari et al. 2007; Ishurd et al. 2004) , lipids (Amira et al. 2011; Hamada et al. 2002; Sahari et al. 2007; Besbes et al. 2004; Al-Shahib and Marshall 2003) , vitamins, carotenoids (Boudries et al. 2007) , and phenolic compounds (Bigliari et al. 2008) . Dates are also considered a good source of essential and non-essential elements (Tang et al. 2013) . Thus, 100 g of dates approximately provides up to 24 % Mg, 33 % K, 13 % Mn, 46 % Cu, and 20 % Cr of the daily recommended dietary allowance for adults. Calcium, K, Mg, Na, and P are the major elements present in dates flesh and seed (Ahmed et al. 1995; Elleuch et al. 2008; Khan et al. 2008; Besbes et al. 2004) whereas Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, Se, and Zn are found at ultra-trace levels (Al-Farsi et al. 2005; Mohamed 2000; Pillay et al. 2002) . Dates' elemental composition strongly depends on the ripening stage, variety, and location (Tang et al. 2013 ). Thus, Khan et al. (2008) observed that the elemental content (Ca, Co, Cu, Fe, K, Na, Ni, Pb, and Zn) increases (especially Cu and K) with maturation. Amira et al. (2011) afforded similar conclusions. However, Ahmed et al. (1995) and Rastegar et al. (2012) concluded that, in general, mineral contents decreased as fruit matured from the kimri to the tamar stage of development. Sahari et al. (2007) studied the chemical content of Ca, K, and Mg in 34 date varieties (Rutab ripening stage) of the same location and observed differences among varieties. Williams et al. (2005) investigated some trace elements in date fruit, leaves, and soil and observed that the levels of some selected elements in leaves (Ba and La) and fruit (Tl) were related to those in the soil.
Chemical analysis of foodstuff combined with multivariate statistical techniques is a usually deployed tool for provenance determination and the related detection of fraud or adulteration (Pohl 2007) . Multivariate analysis has been employed in date analysis for different purposes (e.g., date classification according to their sugar (Khan et al. 2008) , antioxidant (Abbas et al. 2008) , and volatile compositions (Amira et al. 2011) ; to evaluate the effect of long-term storage on the antioxidant activity of dates (Bigliari et al. 2009 ); and to asses phenotypic diversity (Mohamed Ahmed et al. 2011) . Khan et al. (2008) were able to discriminate the origin of seven date samples (four from Pakistan and three foreign varieties) attending to its elemental composition (Ca, Co, Cu, Fe, K, Na, Ni, Pb, and Zn) and cluster analysis.
Elche (city located at the south-east of Spain) has the most important palm cultivation area in Europe with about 250,000 palm trees. Due to this reason, UNESCO declared in 2000 the palm grove of Elche a World Heritage Site. Most of the dates cultivated in Elche show morphological likeness to different North African cultivars such as Medjool or Deglet Nour. However, the extremely high genetic diversity of palm trees gives rise to dates with no defined variety (Johnson et al. 2013) . Very little information is available about the chemical composition and nutritional characteristics of the Spanish dates. Amorós et al. (2009) determined the total antioxidant activity, total phenolics, sugars, and organic acids in date fruit from seven date samples at different maturation stages in order to obtain information about differences due to phenotypic variability. Martín-Sánchez et al. (2014a, b) investigated the nutritive, physicochemical, and technological characteristics of several intermediate food products from Spanish dates. However, no information about the mineral composition of dates from Elche has been reported up to date.
The aim of the present work is to determine, for the first time, the mineral composition of dates from Elche's Palm Grove (Spain). Results are used in multivariate statistical analysis to establish differences and similarities between Spanish dates and those from different origins (Israel, Tunisia, Saudi Arabia, Algeria, and Iran) and varieties (Medjool, Hayani, Barhi, Deglet Nour, and Perny).
Material and Methods

Reagents
High purity water (i.e., with conductivity lower than 18 MΩ/cm) obtained from a Milli-Q water system (Millipore Inc., Paris, France) and nitric acid (trace select TM, Fluka Chemie GmbH, Switzerland) were used throughout the work. Inductively coupled plasma (ICP) standards were prepared in nitric acid 10 % (w/w) using the appropriate set of mono-element stock solutions (Merck, Darmstadt, Germany A microwave-assisted digestion procedure was carried out using a microwave system (model MARS 5, CEM Corporation, Matthews, USA) operating at 1,200 W. Once reached the selected conditions (i.e., 200°C or 300 psi) using a 10-min ramp, the microwave program was hold for 10 min. Aliquots of 0.5 g of each sample (flesh or seed) were treated with 10 mL of concentrated HNO 3 in a Teflon vessel (model xp-1500 plus, CEM Corporation, Matthews, USA). After cooling to room temperature, reactors were opened to eliminate nitrous vapors and the remaining solution was diluted up to the appropriate volume (i.e., 25 or 50 mL for the solutions measured by ICP atomic emission spectrometry (ICP-AES) and ICP mass spectrometry (ICP-MS), respectively). In all cases, the digestion was complete and no solid residues were observed. To avoid cross-contamination, Teflon vessels were carefully cleaned with nitric acid before to proceed with the sample treatment.
Instrumentation Calcium, Cu, Fe, K, Mg, Mn, Na, Sr, and Zn were determined by ICP-AES (model Optima 4300DV, PerkinElmer, Shelton, CT, USA). Ultra-trace elements (i.e., As, Ba, Cd, Co, Cr, Li, Ni, Pb, Se, and V) were determined by ICP-MS (model VG PQ, Thermo Elemental, Winsford, Cheshire, UK). Table 1 shows the operating conditions employed in both techniques. Table 1 also gathers the wavelengths and isotopes registered in ICP-AES and ICP-MS, respectively. Selection was performed in terms of sensitivity and absence of interferences.
To obtain more complete information about elemental composition of date samples, C, H, and N were determined by means elemental analysis (Flash EA 1112, Thermo Finnigan, Winsford, Cheshire, UK).
Calibration Strategy
The analysis of date samples by ICP-AES and ICP-MS was based on external calibration using matrix-matched standard solutions and internal standardization to correct for matrix effects and signal drift. Standards were prepared in nitric acid (i.e., 10 % (w/w) and 5 % (w/w) in ICP-AES and ICP-MS, respectively). Scandium was used as internal standard in ICP-AES. Three internal standards (Sc, In, and Re) were tested in ICP-MS to cover the whole m/z range (Grindlay et al. 2014) . For each nuclide, the selection was based on m/z closeness (Vanhaecke et al. 1992) . The concentration of each internal standard in the resulting sample solution was 1 and 0.1 mg/L for ICP-AES and ICP-MS, respectively.
A certified standard of acetanilide was used for calibration in the analysis of C, H, and N.
Analytical Figures of Merit
To evaluate the analytical method proposed for the elemental analysis of dates by ICP-based techniques, some analytical figures of merit were estimated as follows:
Accuracy A recovery test was performed to evaluate method accuracy because no certified date material is available for validating the multi-element analysis. Experiments were carried out using four different date samples: Elche3, Elche6, Tunisia Deglet Nour, and Israel Medjool. Taking into account the concentrations reported for each analyte in dates (Tang et al. 2013 ), samples were spiked at different concentration levels (0.1, 10, 100, and 500 mg/L) with a multi-element solution prior to the mineralization step. Experiments were performed in quintuplicate.
Precision Precision was estimated by means of the relative standard deviation (RSD) calculated from the elemental concentrations obtained after the analysis of the five independent replicates of each date sample. Therefore, RSD takes into account not only the precision of the analytical method but also the homogeneity of the sample.
Limits of Detection (LoD) and Quantification (LoQ) The method LoDs and LoQs were estimated for all the elements using the three and ten times signal blank standard deviation criteria (ten replicates), respectively.
Statistical Analysis
Box plot univariate analysis, principal component analysis (PCA), hierarchical cluster analysis (HCA), and discriminate analysis (DA) were performed by using SPSS® (v.17, IBM software).
Results and Discussion
Evaluation of the Analytical Method
Different analytical methods for the elemental analysis of dates have been reported (Al-Hooti et al. 1998; Tang et al. 2013; Ahmed et al. 1995; Elleuch et al. 2008; Khan et al. 2008; Al-Farsi et al. 2005; Sahari et al. 2007; Besbes et al. 2004; Mohamed 2000; Pillay et al. 2002; Rastegar et al. 2012; Williams et al. 2005) . In general terms, most of the methodologies employed in the literature have not been validated. Some works (Khan et al. 2008; Al-Farsi et al. 2005 ) employed the AOAC 985.35 method, specifically developed for the analysis of Ca, Cu, Fe, K, Mg, Mn, Na, and Zn in infant formula, enteral products, and pet foods by atomic absorption spectrometry (AAS). Among this group of techniques, flame atomic absorption spectrometry (FAAS) is the most widely reported for elemental date analysis (Ahmed et al. 1995; Elleuch et al. 2008; Khan et al. 2008; Besbes et al. 2004; Mohamed 2000) . Nevertheless, the typical limits of detection exhibit by this technique makes it inappropriate to quantify elements at ultra-trace levels (Ebdon et al. 1998) . Al-Farsi et al. (2005) used electrothermal atomic absorption spectrometry (ETAAS) to determine the elemental composition of dates. Although useful for ultra-trace elements, ETAAS is time-consuming due to its mono-element nature. For trace multi-element analysis, the use of ICP-AES is recommended. Nevertheless, very few works have used this technique for the elemental analysis of dates (Sahari et al. 2007; Pillay et al. 2002; Williams et al. 2005) . Taking into account the above-made comments, the evaluation of the analytical method proposed in the present work is mandatory in order to ensure the quality of the results afforded. The method has been evaluated in terms of accuracy, precision, and LoD/LoQ. First, a recovery test was performed to estimate method accuracy because certified date material is not available. As it can be observed in Table 2 , the average recoveries (95 % confidence level, n=5) obtained for all analytes in the samples tested were almost complete, ranging between 93±7 % (Sr in seeds) and 109±6 % (Cu in flesh). Therefore, it can be concluded that (i) the method is free of interferences and (ii) no analyte losses are produced during the acid digestion step. No comparison with other date analysis methodologies can be performed due to the lack of data reported. Nevertheless, analyte losses during the sample treatment are expected to be reduced when using a closed-vessel microwave digestion method when compared with those widely used in the literature (Kebbekus 2003) , i.e., dry ashing procedure at temperatures above 500°C (Ahmed et al. 1995; Elleuch et al. 2008; Khan et al. 2008; Al-Farsi et al. 2005; Besbes et al. 2004; Pillay et al. 2002) and open-vessel acid digestion (Mohamed 2000; Williams et al. 2005; Al-Hooti et al. 1998 ). Ali- Mohamed and Khamis (2004) also employed a closed-vessel microwave digestion procedure, but unfortunately, no accuracy data was provided by the authors.
As regards the precision of the method, RSD values for most of the tested elements do not exceed 6-7 %. These values are of the same order of magnitude than those previously reported in the literature (Williams et al. 2005; Al-Farsi et al. 2005; Besbes et al. 2004) . Results are expressed as mean±ts= ffiffi ffi n p , where t is the Student's t (95 % confidence level), s is the standard deviation, and n is the number of replicates (5) Table 3 shows the method LoDs and LoQs estimated for the elements tested both in ICP-AES and ICP-MS. Obtained LoQs are low enough to determine most of the interest elements in the concentration levels expected in date samples (flesh and seeds). Unfortunately, no comparison with other analytical methodologies can be performed since LoDs neither for multielement analysis of dates by ICP-based techniques nor by AAS ones have been previously reported in the literature. Tables 4 and 5 show the results of the elemental analysis of all the date samples tested (flesh and seed, respectively). From these tables, four groups of elements can be distinguished attending to its concentration level: (i) major elements, with concentrations higher than 1,000 mg/kg (i.e., C, H, K, and N); (ii) minor elements, with concentrations between 100 and 1,000 mg/kg (i.e., Ca, Mg, and Na); (iii) trace elements with concentrations in the 1-100 mg/kg range (i.e., Cu, Fe, Mn, Sr, and Zn); and (iv) ultra-trace elements found in concentrations below 1 mg/kg (i.e., As, Ba, Cd, Co, Li, Ni, Pb, Se, Sr, and V). Among the last group of elements, some of them are present in concentrations below its LoQ.
Elemental Content
The elemental concentration levels obtained using the proposed method (Tables 4 and 5 ) are, in general terms, in agreement with those reported in the literature. A further detailed comparison is not possible due to the huge variability of the data previously published. AlFarsi and Lee (2008b) pointed out the wide concentration range (up to two orders of magnitude) reported for some elements in dates (e.g., Ca, 50-570 mg/kg; K, 3,450-8,820 mg/kg; Mg, 340-540 mg/kg; Na, 18-1,760 mg/kg). The lack of the consistency between the reported data can be attributed to the following: (1) differences in the geographical origin, variety, and/or ripening stage of the date samples, and/or (2) the use of unappropriated analytical methodologies. The above mentioned data variability can be a cause of concern when dealing with toxic elements. Thus, for instance, Se is an essential element but toxic when present at high concentrations in foods. Some authors reported significant amounts of selenium in dates, i.e., 1.5-5.3 mg/kg (Al-Farsi et al. 2005; Al-Showiman et al. 1994) . Taking into account the high consumption of dates in some countries (i.e., 114 g/day in the United Arab Emirates) (Ismail et al. 2006) , the daily intake of Se could be as high as 0.6 mg, i.e., 1.5-fold the tolerable upper level per day (0.4 mg). Results in Table 4 reveal that Se concentrations are, in most of the cases, below the method LoQ (0.11 mg/kg). These results, which are in agreement with those reported by Williams et al. (2005) , indicated that the intake of 100 g of dates would provide up to 25 % of the daily recommended dietary allowance of Se (i.e., 0.050 mg). Although the LoQ obtained for Se in ICP-MS (Table 3) can be considered low enough for date samples, the use of alternative sample introduction systems and/or the use of collision cell technology (CCT) would be advisable in order to improve the detection capability of the technique.
Results in Tables 4 and 5 indicate that Elche's dates afford, in general terms, higher concentrations of Ba, Cd, Co, Cr, and Ni in both date flesh and seeds than the remaining samples. These observations are confirmed by a box plot univariate analysis of the data and could be explained taking into account the important industrial activity traditionally developed in Elche (e.g., shoes manufacturing and leather tanning).
When comparing the results shown in Tables 4 and 5 , it can be derived that, in general terms, the elemental content of date flesh is higher than that in seeds. This statement is true for all the elements tested with the exception of Co, Cr, Mn, and Ni.
Multivariate Analysis
Univariate statistics is not an enough tool to obtain an overview of a complex data matrix such as that 6,100±800 4,300±600 6,800±900 5,300±600 4,000±900 Results are expressed as mean±ts= ffiffi ffi n p , where t is the Student's t (95 % confidence level), s is the standard deviation, and n is the number of replicates (5) N 6,300±200 7,400±400 6,500±200 8,700±400 6,800±500 7,000±300 7,800±300 7,300±300 9,000±400 9,600±400 6,700±800 10,900±200 8,600±700 Results are expressed as mean±ts= ffiffi ffi n p , where t is the Student's t (95 % confidence level), s is the standard deviation, and n is the number of replicates (5) presented in Tables 4 and 5 . In these cases, the use of multivariate analysis techniques is recommended. To perform this analysis, the results for 18 elements (i.e., Ba, C, Ca, Cd, Co, Cr, Cu, Fe, H, K, Li, Mg, Mn, N, Na, Ni, Sr, and Zn) were used. The remaining four elements registered (i.e., As, Pb, Se, and V) were rejected since afforded, in most of the cases, concentrations below its respective LoQ. Elemental composition data obtained for date flesh (Table 4 ) and seed (Table 5) were analyzed independently.
Principal Component Analysis (PCA) The information for the abovementioned 18 elements were analyzed using PCA. The number of significant principal components was selected on the basis of the Kaiser criterion with eigenvalue higher than 1. The PCA models obtained contain four components in the case of flesh and three for seed and together explained the 82.86 and 82.97 % of the data total variance, respectively. For date flesh, the first principal component (PC1) explained 35.4 % and the second component (PC2) explained 26.0 %. For date seeds, PC1 and PC2 explained 39.0 and 27.6 %, respectively. Figure 1 shows the scatterplot of the PC1 and PC2 component scores of the date flesh (Fig. 1a) and seed (Fig. 1b) . It is interesting to note that in both cases, the score plot allows to discriminate between the samples from Spain and the remaining ones. Thus, Fig. 1a shows that the samples from Elche can be easily identified using the flesh elemental composition, since all of them have PC2 values higher than zero. This situation is related to the fact that some of the elements showing the highest weighting on PC2 component (Ba, Ca, Cd, Co, Cr, K, Mg, Na, Ni, and Sr) are those found in higher concentrations in the dates from Elche. Results in Fig. 1 also reveal that the foreign date samples are gathered into two groups: one of them including the samples from Tunisia, Saudi Arabia, Algeria, and Israel (Hayani and Medjool) and the other one including those from Iran and Israel (Barhi). It would be desirable to analyze a higher number of samples with certified origin and/or variety. Unfortunately, the availability of date samples from different origins is limited due to the restrictive Spanish and European import normative. Figure 2 shows the dendrograms obtained for flesh (Fig. 2a) and seed (Fig. 2b) samples. In both cases, data show a strong clustering behavior with high level of similarities for local varieties (flesh and seed). In agreement with the results obtained using PCA, flesh date samples were clearly separated into three groups (Fig. 2a) : (i) Spain; (ii) Tunisia, Saudi Arabia, Algeria, and Israel (Hayani and Medjool); and (iii) Iran and Israel (Barhi). Similar results are obtained using the information for date seeds (Fig. 2b) although one sample (Israel Hayani) was classified incorrectly.
Hierarchical Cluster Analysis
Discriminate Analysis (LDA) A discriminant analysis was subsequently performed using stepwise inclusion procedure for the selection of variables (Díaz et al. 2003) . LDA was performed using a step-by-step procedure and using the criterion of Wilks (Tabachnick and Fidell 1992) . The discriminant information can be grouped into the two first discriminate functions. In the case of flesh (Fig. 3a) , the first function explains the 91 % of the differences between groups and the second one the remaining 9 %. For seeds (Fig. 3b) , both functions explain the 86 and 13 % of the group differences, respectively. As it can be observed in Fig. 3 , LDA allows differentiating the Spanish samples from the remaining ones. It is also interesting to note that using LDA, all the samples from Israel are classified in a separate group. For both groups, the percentage of correct classification is 100 % (irrespective of the data source used, i.e., flesh or seeds). Figure 3 also Fig. 2 Dendrogram from the hierarchical cluster analysis for date samples of a flesh and b seed reveals a third group constituted by the samples of Tunisia, Algeria, Saudi Arabian, and Iran (i.e., all the origins with just one samples tested).
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Conclusions
Mineral composition of Spanish dates is reported for the first time. A sensitive, accurate, and reproducible method based on microwave sample digestion and ICP-based detection has been employed. The elemental compositions (both in date flesh and seeds) have been used in multivariate statistical analysis (principal component, hierarchical cluster, and discriminant analyses). The results achieved indicate that the proposed approach can be successfully applied to discriminate the Spanish date samples from the rest of the samples tested.
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